
1. Introduction

Stabilizer bars are an important element of the suspension 
of modern motor vehicles. The technical requirements put 
by automobile manufacturers on stabilizer bars with regard 
to shape and fatigue strength are very high and frequently 
difficult to meet, causing design and technological problems. 
On the one hand, we have to face the tendency aiming at 
the maximum possible reduction of the stabilizer bar’s dead 
weight, and on the other hand the high strength requirements. 
The stabilizer bar’s complex shapes substantially complicate 
the manufacturing process. Frequently, obtained satisfactory 
geometrical parameters of a stabilizer bar are not reflected 
in strength parameters [1]. Therefore, we search for further 
technological solutions, such as shot peening, aiming at the 
improvement, the increase of stabilizer bar’s fatigue strength.

Due to abrasive blasting, a mechanical interference in 
the near-surface areas of the abrasive-blasted component is 
made, which leads to a microstructural change of the material 
and to a change of the residual stress in comparison with 
the untreated material. A compressive residual stress whose 
distribution depends on the abrasive blasting conditions and 
on the properties of the component forms in the surface layer 
of the material. The compressive residual stress maximum is 
mostly beneath the surface [2]. Residual stresses are in general 
statically effective multiaxial stresses in a component which is 
free from stress caused by external forces and moments. The 
internal forces and moments related to the residual stresses 
are in the mechanical equilibrium. The effect of such stresses 
on the behaviour of a component may be both negative and 
positive, and the methods introducing such state of stresses 

are applied in view of the improvement of characteristics of 
elements of mechanical systems as regards the parameters 
related to fatigue, wear and corrosion [3].

Compressive residual stresses, being the effect of plastic 
deformation of the material during shot peening, prevent the 
increase of fatigue cracks [4], whereas an increase in material 
hardness prevents the initiation of cracks [5]. The mechanism 
of action of compressive stresses consists in that they resist 
tension stresses in a fatigue cycle, thus protect from the 
increase of cracks.

Residual stresses may be determined by experimental 
methods or estimated by computational methods [1, 5, 
6]. In case of computational methods, we can distinguish 
analytical methods and methods using numerical simulations 
– like Finite Element Modelling (FEM). The shot peening 
is a complex physical process in which contact conditions, 
material plasticity, collision mechanics and randomness have 
to be considered. 

In analytical methods of residual stress estimation, the 
course in time of the collision process itself is usually omitted, 
and the Hertz theory is used to estimate the maximum pressure 
on the contact surface [7]. Subsequently, the stress distribution 
considering the plasticity of the material in the direction 
perpendicular to its surface is calculated [8]. It requires the 
assumption of a uniform stress distribution on the surface, 
which is possible only with at least  coverage.

Many examples of simulation of the shot peening process 
by means of the FEM can be found in the literature [9 – 11]. 
From the perspective of the calculation time, an interesting 
method was proposed in [12] where the process of multiple, 
random bombardment of the surface with the shot is replaced 
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by the blow of a single object whose geometry is obtained by 
random overlapping of the surfaces of multiple beads.

The shot peening is used among others to improve the 
fatigue behaviour properties of metallic materials [10, 13 – 
15]. The component surface (stabilizer bar) is bombarded with 
small spherical shots of a hard material, usually hardened cast 
steel, at a relatively high velocity 40 –70 m/s [16]. an elastic-
plastic collision between the blasting medium and the blasting 
material occurs in the process, whereas the kinetic energy of 
the blasting medium transforms in the process of plastic and 
elastic deformation of both collision partners. The hardness – 
increasing effect of abrasive blasting is construed as a change 
of the surface layer properties. Compressive residual stresses 
are formed and the retained austenite mechanically transforms 
into martensite [3, 17, 18].

As another result of the shot peening, microcracks 
caused by the bending process are offset or their size is greatly 
reduced. There is a fine microstructure and improved surface 
roughness after multiple shot peening.

In the following, taking the example of the stabilizer 
bar DC 218 VA, the process of achieving a manufacturing 
technology ensuring the required fatigue strength of the 
structure was shown. Relevant strength and metallographic 
analyses were performed.

2. materials and methods

The analysed stabilizer bar was made of the 34MnB5 
steel. its strength is 1700 Mpa and its composition is shown 
in table 1. 

The tubular stabilizer bars are hot bent at a bending table 
(Fig. 1). Afterwards the stabilizer bars are hardened (in oil) and 
tempered (table 2). The stabilizer bars broke early. They did 
not achieve the necessary lifespan (60000 cycles). The fatigue 
tests were performed using the Franke 1 and 2 eccentric fatigue 
machine that could test 2 stabilizer bars at the same time. The 
machine operates with the frequency of 1 ÷ 6 Hz and allows 
applying the force of ± 6 kn to stabilizer bar ends, whereas 

the oscillation angle may be ± 20 degrees. The machine was 
shown in Fig. 2.

Fig. 1. Bending process of stabilizer bar (source TkF & s)

Fig. 2. Fatigue testing machine Franke 1 with 2 stabilizer bars (Source 
TkF & s)

TaBle 1
Chemical composition of the steel 34MnB5

Chemical composition [%]
Steel C Si Mn P S Cr Al Ti B

34MnB5 0,24–0,28 0,20–0,30 1,20–1,40 max. 0,020 max. 0,020 0,10–0,20 0,02–0,06 0,02–0,05 0,0015–0,0035

TaBle 2
Section properties of stabilizer bar DC 218 and parameters of the process 

property/parameters unit value
hardening temperature [°C] 860
tempering temperature [°C] 230

spring rate of the stabilizer bar [n/mm] 39,97
deformation of stabilizer bar 2s [mm] 98

bending time [s] 9
bending radius [mm] 45
span of arm l [mm] 1007

distance between the bearings [mm] 624
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The hardness tests were carried out using the Vickers 
method, and the analysis of residual stresses was made with 
the use of an x–ray diffractometer (Strainflex MSF–2M, 
Rigaku). The FEM analysis was carried out using the Abaqus 
and nCode Designlife programs.

2.1. parameters of the tubular stabilizer bar shot peening 
process 

In view of a very high stabilizer bar stress and high 
requirements regarding the fatigue strength, the stabilizer bar was 
subjected to additional mechanical processing – shot peening. 
For this purpose, several test series of tubular stabilizer bars were 
made and again resistance heated, hot bent, oil hardened and then 
tempered according to the parameters shown in table 2. In the first 
phase, the stabilizer bars were shot peened using the G1 shot with 
the diameter of 0.4 mm (degree of coverage of 100%) and then, 
in the second phase, with the degree of coverage of 400%. in the 
third shot peening phase, the G2 shot with the diameter of 0.7 mm 
and the degree of coverage of 200% were used.

3. results and discussion

3.1. metallographic analysis

A metallographic analysis (Fig. 3) carried out in order to 

compare both stabilizer bars showed for the stabilizer bar not 
subjected to shot peening:
•	 breakage / longitudinally polished section,
•	 tube outside, crack 0.03 mm, Fig. 3a (m ~ 500:1 outside),
•	 sequence crack 3.80 mm, Fig. 3b (m ~ 200:1 outside),
•	 oxidation 0.01 mm,
•	 decarburization: max. 0.02 mm, Fig. 3c + 3d (m ~ 500:1 

etched in hno3 outside),
•	 weak proeutectoid ferrite secretion with interests in 

bainite 0.13 mm, Fig. 3e (m ~ 1000:1 etched in hno3 
outside),

•	 tube inside with scars + oxidation 0.01 mm,
•	 decarburization: max. 0.02 mm + proeutectoid ferrite 

secretion max. 0.12 mm, Fig. 3f  (m ~ 500:1 etched in 
hno3 inside).

The causes of breakage are clearly visible and explainable 
in the results of metallographic examinations. The following 
was established, and namely:
•	 the failure of the stabilizer bars was caused by fatigue 

cracks resulting from decarburizations and proeutectoid 
ferrite secretions,

•	 the breakage of the tubular stabilizer bar is also to be 
attributed to the worse compressive residual stresses 
which are promoted by proeutectoid ferrite secretions.

In case of the stabilizer bar subjected to shot peening the 
metallographic analysis shown in Fig. 4 revealed:

Fig. 3. results of metallographic analysis for the stabilizer bar not subjected to shot peening (source TkF & s)

Fig. 4. results of metallographic analysis for the stabilizer bar subjected to shot peening (source TkF & s)
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•	 breakage / longitudinally polished section,
•	 tube outside with crack initiation 0.015 mm, Fig. 4a (m ~ 

500:1 outside),
•	 oxidation 0.01 mm,
•	 weak proeutectoid ferrite secretion with interests in 

bainite 0.13 mm, Figs. 4b + 4c (m ~ 500:1 etched in 
hno3  outside, m ~ 1000:1 etched in hno3), 

•	 tube inside with scars + oxidation 0.01 mm,
•	 decarburization: max.0.02 mm  +  proeutectoid ferrite 

secretion max. 0.13 mm.

The metallographic analysis clearly showed that the shot 
peening process reduced the sizes of cracks (Fig. 4a) which 
could have propagated and caused an early destruction of the 
stabilizer bar subjected to fatigue tests.

3.2. measurement of residual stresses

The residual stresses were measured with the aid of an 
x–ray diffractometer (Strainflex MSF–2M, Rigaku). The error 
in these residual stress measurements amounted to 40 n/mm2 
(standard deviation) at the surface 60 n/mm2.

The residual stresses, significant from the perspective of 
fatigue strength, were introduced with the use of shot peeening, 
and their values were shown in Fig. 5. The distribution indicates 
that the highest stress values occur just under the surface at the 
depth of  0.04 mm and amount to 770 Mpa. The stress values 
fall with the increase of depth, and above 0.25 mm they are 
already close to zero.

Fig. 5. Values of residual stress measured with the use of Strainflex 
MSF-2M

3.3. hardness and roughness measurement

Hardness measurements of abrasive – blasted and 
not abrasive blasted samples at polished cross–sections 
were made. The hardness was determined according to 
the Vickers method. The hardness test revealed that in the 
bending process (table 2) the component hardness (table 3) 
achieved by the stabilizer bars was too high. A high surface 
hardness is a desired value because it protects from the 
extension of microcracks [5]. However, we must not forget 
that at higher strength / hardness levels the materials lose 

their fatigue strength due to a higher sensitivity to notch 
and brittleness.

TaBle 3
hardness hv 30 core – measurements

Sample
hv 30 core–

measurements, 
mean values

Rm calculated according 
to Din en iso 18265

Stabilizer bar 1 562 1852
Stabilizer bar 2 546 1796

The surface roughness was measured with using of 
the optical method, with application of Carl – zeiss double 
microscope, also called as device for measuring of the 
smoothness.

3.4. analytical and fEm strength analysis including the 
comparison with fatigue testing results

Based on the stabilizer bar’s geometric model a FeM 
model was developed. The model was provided with a support 
and a (displaceable) load was applied. A chart of reduced 
stresses caused by a deflection of the stabilizer bar ends was 
presented in Fig. 6. 

The stabilizer bar is very strongly stressed, and the 
maximum stress value is 955 MPa. The FEM static analysis 
was used to evaluate the fatigue strength by means of the 
nCode Designlife 8 program (Fig. 7, Fig. 8). it was adequately 
formulated in the program on the basis of determined surface 
roughness and condition values. 

Fig. 6. Stress distribution (equivalent stress) in the loaded stabilizer 
DC 218

Fig. 7. FeM (nCode Designlife 8) calculations of fatigue strength, 
the number of fatigue cycles of non – shot peened stabilizer bar
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Fig.8. FeM (nCode Designlife 8) calculations of fatigue strength, the 
number of fatigue cycles of shot peened stabilizer bar

The values obtained using the Franke 1 and 2 eccentric 
fatigue machine confirmed the results of analytical calculations 
(Fig. 9).

Fig. 9. Comparison of fatigue strength based on the tests (Franke) and 
simulation (nCode Designlife)

The use of 0.4 mm and 0.7 mm steel grit causes an 
increase of the lifespan of the abrasive blasting grit (Fig. 7 
– 9). It is to be attributed to the surface smoothing and the 
introduction of near – surface compressive residual stress in 
the surface zone. In addition, the tendency to a higher lifespan 
in case of a higher surface coverage with the finer abrasive 
blasting grit was observed. 

4. conclusions

1. We proved in this paper that it was possible to use the 
FEM for a preliminary assessment of the fatigue strength. 
The results of numerical analyses proved to be correct 
also in the fatigue tests carried out on real stabilizer bars.

2. We showed that the shot peening of a highly stressed 
tubular stabilizer bar led to a considerable increase of the 
fatigue strength. Through the controlled shot peening, the 
increases of fatigue strength up to 120 % in comparison to 
the corresponding not abrasive – blasted condition were 
possible.

3. Microcracks which formed in the bending process were 
smoothed though the shot peening or their size was 
considerably reduced.

4. The shot peening inside a stabilizer bar (in case of tubular 
stabilizer bars) ensures the removal of microcracks and 

impurities forming during the manufacturing process.
5. The shot peening process is expensive and requires 

special equipment in the stabilizer bar manufacturing 
process. As a result, the duration of the technological 
and manufacturing process is extended. This leads in 
consequence to a considerable increase of the final 
product price.

6. The surface of a shot-peened stabilizer bar is better 
prepared for painting. The paint applied during the 
painting process is subjected to a stronger bonding, 
thus the stabilizer bar surface is more resistant to the 
aggressive action of the „media” during the operation of 
a motor vehicle.
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